The total number of viable micro-organisms in semen from 42 bulls used for artificial breeding varied between 20 and 534000/ml, with a mean of 4630/ml. Most were bacteria of the genera Bacillus, Corynebacterium, and Micrococcus; also represented were Aerobacter, Alkaligenes, Escherichia, Flavobacterium, Herellea, Nocardia, Proteus, Sarcina, and Staphylococcus and the yeasts Rhodotorula rubra and Candida guilliermondi. Seminal plasma contained natural inhibitors effective against 80% of the Gram positive and 40% of the Gram negative organisms isolated. There was no correlation between total viable count of semen and concentration of inhibitor in the seminal plasma. The high proportion of organisms in semen which were sen,itive to natural inhibitors and the lack of correlation between total viable count and concentration of inhibitor are consistent with the view that semen bacteria are transient invaders derived from the urethra and preputial cavity. However, no consistent difference was found between first and second ejaculations on the same day.
INTRODUCTION
Ejaculates from healthy bulls have been reported to contain an average of from 22 000 (Gunsalus et ai. 1941) to 365000 (Meredith 1970) bacteria per m!. Almquist et ai. (1949) and Prince et ai. (1949) failed to demonstrate any relationship between the numbers or types of bacteria in bull semen and its fertility. Nevertheless bacteria grow in semen during storage (Miller & Salisbury 1939; Gunsalus et aT. 1941 ).
The addition of antibiotics to semen extenders prevents bacterial growth without affecting sperm motility (Almquist et ai. 1949) , and may improve conception rates (Almquist 1948; Salisbury & Knodt 1947) . The concentration of bacteria in semen can be decreased by keeping bulls clean and by regular rinsing of the preputial cavity (Gunsalus et aT. 1941; Galloway 1964) . It has been assumed that the seminal plasma is the main source of bacteria in diluted, extended semen, and several workers have recommended the use of regular sheath lavage as an additional means of controlling bacteria (Zemjanis 1962; Hashimoto 1963; Reddy et ai. 1971) . Such practices do not completely remove the bacteria and may result in the establishment of an antibioticresistant microflora in the preputial cavity if antibiotics are used in the wash liquid (Meredith 1970) .
Most overseas artificial breeding (AB) programmes are now based on the use of deep-frozen semen which is diluted, cooled, and stored at -196°c soon after collection. This temperature ensures that semen bacteria do not grow, but they will survive for long periods. Antibiotics are added to dilutcd semen only to prevent the unintentional transmission of disease organisms. In New Zealand semen is diluted and held at ambient temperatures for up to 4 days before being used. Consequently antibiotics added to semen diluent have the additional role of preventing growth of normal semen microflora until insemination.
The present study was undertaken to establish the numbers and predominant types of bacteria in ejaculates and diluted semen collected under New Zealand conditions, and to estimate the effect of various AB practices on the microbial population of diluted semen.
METHODS
The bulls were kept at the New Zealand Dairy Board's Artificial Breeding Centre at Awahuri near Palmers ton North; vasectomised bulls were kept at the Dairy Board's AB centre at Newstead near Hamilton.
Handling of semen samples
Samples of semen for total viable count were collected routinely using an artificial vagina fitted with a sterile test tube. These samples of semen, extender, and extended semen were delivered, within 3 h, to the laboratory in sterile test tubes closed with waxed corks in a wallet wrapped round a bottle of ice in an insulated box. They were held at SOc and tested the same day.
Vasectomised seminal plasma was sent to the laboratory by air in stoppered 100 ml cylinders packed with ice in insulated containers.
Bacteriological media
Nutrient broth, sabaraud dextrose agar, and brain heart infusion agar were prepared from dehydrated powders in accordance with manufacturer's directions (Difco Laboratories Inc., Detroit, Mich., U.s.A.). Blood agar was prepared by adding 70 ml sterile heparinised bovine blood to 1 I sterile nutrient broth (Difco), containing S.O g NaCI and 10.0 g agar (Davis), just before pouring plates. Egg extender agar was prepared by autoclaving the normal constitutents of the extender, excluding egg yolk, caproic acid, and glucose, with 1 % agar for IS min at IS Ib/in 2 • Sterile autoclaved solutions of caproic acid, glucose, and sterile egg emulsion (Oxoid Ltd., London, S.E.1.) were added to the medium after it had been cooled to SO°c and just before plates were poured.
Blood for use in blood agar intended for sensitivity testing was lysed by repeated freezing and thawing, since this is considered to inactivate a sulphonamide inhibitor in unlysed blood (Collins 1967) , and inhibition zones were more easily seen on clear medium.
Enumeration and identification of micro-organisms
The media and methods described by Skerman (1967) and Blair et al. (1970) were used to identify bacteria. ----Total counts in semen, extender, extended semen, and Ringers solution were carried out by spreading with a sterile glass spreader 0.1 ml of sample, or a dilution thereof, on a bovine blood agar plate and incubating at 37°c for 4 days. Semen extender and extended semen samples were tested undiluted and at dilutions of 10-1 and 10-2 • Undiluted Ringers solution rinses were tested in duplicate. Yeasts were counted on bovine blood agar at appropriate dilutions by the same technique, but counts were made after 2 days' incubation at 30°c. Antibiotic sensitivity tests
The sensitivity of bacteria to antibiotics was determined by the filter paper disc, agar diffusion technique on lysed blood agar. Plates were incubated at 37°c and the diameter of the zone of inhibition was usually measured after 24 h incubation. Inhibition zones were interpreted in accordance with the criteria listed in Table 1 , which are based on the recommendations of Blair et al. (1970) .
The effect of glycerol on the activity of penicillin G, streptomycin, and chloramphenicol was established by a modification of the broth dilution, test tube method (Blair et al. 1970) . A two-fold dilution series of each antibiotic in nutrient broth containing a standard inoculum of a suitable test bacterium was incubated at 3rc to determine the minimum bacteriostatic concentration of each antibiotic. The result was compared with three parallel dilution series made in nutrient broth containing 1, 4, or 8% glycerol. The minimum bacteriocidal concentration of each antibiotic in the presence and absence of glycerol was determined by allowing 2 h contact at 37°c between antibiotic and inoculum in each tube of the dilution series and then transferring a loopful from each tube to a corresponding tube containing 3 ml of nutrient broth without antibiotic or glycerol. All tubes were incubated at 37°c for 24 h. Growth was detected by the presence or absence of turbidity after incubation.
Assay of natural inhihitors in semen
The natural inhibitors in seminal plasma were assayed by an agar-well diffusion technique in which Micrococcus Iysodiekticus was the indicator organism. Twenty-four-hour cultures of M. lysodiekticus on nutrient agar were emulsified in sterile distilled water and adjusted to give a reading of 80 in a Klett colorimeter using standard 1 cm cuvettes and a blue filter. To 16 ml nutrient agar at 50°c 0.24 ml of this suspension was added and poured into a petri dish 8.5 cm in diameter. Plates were allowed to harden for 2 h and a No. 4 cork borer was used to cut wells, the agar plugs being removed by suction. One plate accommodated four wells. To each well 0.1 ml undiluted, filter-sterilised seminal plasma was added and the plates were pre-incubated at 4°c for 3 h to permit diffusion of the inhibitors into the agar before being transferred to an incubator at 30°c for 24 h. Inhibition zones were measured with calipers and the diameter recorded to the nearest 0.25 mm.
Sterility of ancillary materials and equipment
Artificial vaginas were sterility tested by rinsing the interior of the assembled apparatus with 10 ml of sterile 1,4 strength Ringers solution and plating duplicate 0.1 ml samples on bovine blood agar.
The bacterial load of dyes used to identify extended semen of different breeds was determined by diluting the dye lO-fold and plating duplicate 0.1 ml volumes on bovine blood agar. Undiluted dyes inhibited the bacteria they carried.
Micro-organisms in nitrogen gas were trapped by allowing the gas to bubble slowly through 5 ml 1,~ strength Ringers solution for 30 min and plating duplicate 0.1 ml quantities of the solution on bovine blood agar plates.
Air contamination was assessed either by exposing blood agar plates for 15 min on benches in the working and packing areas or by using a slit sampler to impinge 100-ft3 air samples on suitable media.
Sterility of test tubes was assessed by swabbing the tubes with 1,4 strength Ringers solution and plating duplicate 0.1 ml quantities of the swabbing solution on blood agar followed by incubation at 37°c for 4 days.
Sterility of waxed corks was assessed by rolling them to and fro on blood agar plates with sterile tweezers and pressing each end firmly down on the agar followed by incubation at 37°c for 4 days.
RESULTS

Total viahle count of bacteria and yeasts in bovine semen
In a preliminary trial samples of semen were plated on brain heart infusion agar (BHI) , bovine blood agar (BA) , sabourand dextrose agar (SDA) , and a medium which simulated conditions in egg yolk semen extender without antibiotics. The average viable count per ml for first-service samples from 3 different bulls on these media was 23, 813, 13, and zero respectively. It was concluded that most semen bacteria required factors present in blood or serum, and bovine blood agar was selected as the most suitable medium for future work. The semen extender medium was the least satisfactory, and this suggests that even in the absence of antibiotics egg yolk extender is an unfavourable medium for bacteria of semen origin. Samples were taken from 80 bulls during a period of peak activity in AB work between 3 November and 12 December 1972. Of these, 29 (36.3%) were sampled only once, 31 (38.7%) were sampled either two or three times, and 20 (25%) were sampled more than four times. Fig. 1 records the distribution of colony counts obtained from 226 samples of semen trom 42 bulls. Each sample represented the first ejaculation of a bull on the day it was collected. The average of the logarithms of these plate counts was 4630/ml, and the arithmetic average was 23 100/ml; individual counts ranged from 20 to 534000/m!' Fig. 1 shows that 44% of the samples fell within the range of 1000-10 000 colonies/ml, 22% contained less than 1000 colonies/ml, and 34% more than 10 OOO/ml. This wide range of bacterial numbers in semen samples was not due to the use of bulls for AB which produce semen with characteristically high or low yiable counts, but to the wide day-to-day fluctuations which occurred in the bacterial content of semen collected from apparently healthy animals (Fig. 2) .
The logarithmic mean count per ml of Friesian and Jersey bulls was compared. The average counts for 21 Jersey and 17 Friesian 2-year-olds were 4720/ml and 5970/ml, respectively, but 7 Jersey and 5 Friesian 3-year-olds each had average counts of 4500/ml. There were not enough bulls older than this from each breed included in the study to estimate breed effects.
Average colony counts for all bulls aged 2, 3, 5, 6, 8, and 10 years were 53000, 4500, 8100, 3700, 4400, and 5700/ml, respectively. First and second ejaculations from 15 bulls averaged 6800/ml and 9600/ml respectively, but it is improbable that the differences are significant. Types of haderia isolated from bovine semen Forty-two colonies were isolated representative of those seen on the plates set up to determine the viable count of semen. The Gram positive genera Bacillus, Corynebacterium, and Micrococcus were represented by nine, eight, and six strains, respectively; Pseudomonas by three strains; Aerobacter, Escherichia, Herellea, and Nocardia by two strains each; and Alkaligenes, Flavobacterium, Proteus, Sarcina, Staphylococcus, and Microbacterium by one strain. Two strains of yeast isolated were identified as Rhodotorula rubra and Candida guilliermondii. Changes in total viable count of bacteria and yeasts after routine dilution of semen in extender Semen is routinely diluted approximately 100-fold in an egg yolk extender containing penicillin, streptomycin, chloramphenicol, and sulphacetamide. Despite these antibiotics, when extended semen was held at 15°c to simulate an average ambient temperature, the mean, logarithmic, average viable count on 28 subsamples drawn on the day semen was collected increased from 58 colonies/ml (range 0-220) to 1.83 X lOG colonies/ml (range 1.7 X 10 3 to 2.0 X 10 7 ) in subsamples tested 7 days later. The colonies which developed in stored extended semen were pink or white, mucoid, circular, convex, and entire. Microscopic examination revealed that these colonies were yeasts. Because of their distinctive appearance, it was possible to make differential counts of bacteria and yeasts in a further series of 32 samples of extended semen. This revealed that, initially, bacteria were the most numerous micro-organisms in extended semen, but their numbers declined from an average of 77 colonies/ml to zero over 4 days, and the average yeast colony count per ml increased from 1.8 on the first day to 361 by the third day (Table 2) . Samples held for 7 days developed large yeast populations comparable to the average total viable count obtained earlier. The minimum total count occurred on the second day after collection. A similar sequence of events was observed in samples of extender which contained no semen. Antibiotic sensitivity of micro-organisms from semen A range of 13 antibiotics were tested against the 42 strains of semen micro-organisms described above. These antibiotics included the four agents in routine use in semen extenders: penicillin, streptomycin, chloramphenicol, and sulphacetamide.
Additional antibiotics (bacitracin, cycloserine, vancomycin, erythromycin, kanamycin, neomycin, novobiocin) effective against cell walls and procaryote protein synthesis were also tested, since they were possible alternatives to the agents used at present. Finally, in view of the prevalence and significance of yeasts in extended semen, two polyene antifungal agents (amphotericin B, nystatin) were included. Table 3 records the number of strains resistant, moderately resistant, and sensitive. The proportion of strains sensitive to each antibiotic is given as an index of antibiotic effectiveness, which can be used to compare the overall effectiveness of different antibiotics; but it should be recognised that an antibiotic may be worth incorporating in extender because it is capable of inhibiting a few specific micro-organisms not controlled by other antibiotics in use. For instance, amphotericin B and nystatin (mycostatin) were effective against Table 4 records the relative resistance of the microbial genera to inhibition by antibiotics. The index of resistance represents the proportion of the antibiotics tested to which each strain was completely resistant. None of the micro-organisms tested was resistant to all antibiotics, but Gram negative, rod-shaped bacteria, especially pseudomonads, were considerably more resistant than the Gram positive rods. It is perhaps fortunate that organisms isolated frequently are sensitive to antibiotics and antibiotic-resistant organisms make up a small fraction of the population. 
Effect of glycerol on the effectiveness of antibiotics
Glycerol is a normal component of semen extenders included to protect spermatozoa. Up to 8% of glycerol may be included in the skim-milk extenders used to dilute semen before it is deep frozen. Table 5 records the minimum concentrations of streptomycin, chloramphenicol, and penicillin needed to inhibit or kill test organisms in a tube-dilution, antibiotic-sensitivity test. The inclusion of up to 8% glycerol in the diluent medium seems to have little or no detectable effect on the minimum concentrations of these antibiotics, which are bacteriocidal or bacteriostatic. This indicates that the action of the antibiotics is independent of glycerol. Natural inhibitors in bovine seminal plasma A preliminary study indicated that although seminal plasma contained natural inhibitors capable of preventing the growth of some strains of bacteria. other bacteria were compl.etely resistant. In addition there was some variation in the extent to which specific strains were inhibited by different bulls and by the same bull on successive occasions.
To investigate the relative sensitivity of different bacterial genera to natural inhibitors in semen, pooled, vasectomised, seminal plasma was used in gel diffusion tests with 37 strains of bacteria previously isolated from semen. The results (Table 6 ) indicate that natural inhibitors were ineffective against 12 of 37 strains representing 6 genera and effective against 25 of 37 strains representing 8 genera. Corynebacterium and Bacillus contained strains in both categories. Gram negative, rod-shaped bacteria were more Variations in the intensity of inhibition caused by seminal plasma samples from Friesian, Hereford, and Charolais bulls were studied by allowing a fixed quantity of undiluted seminal plasma to inhibit the growth of a sensitive test organism, Micrococcus lysodiekticus, and measuring the diameter of the zone of inhibition after incubation. Replicates obtained by this method for 10 preliminary samples when the number of replication varied from 2 to 4, according to sample size, had a mean diameter of 19.5 mm and the standard errors of the sample means averaged ± 0.7 mm. Results obtained on 11 bulls are listed in Table 7 . The standard error of the mean for each bull is never more than three times the average standard error about the mean for replicates and on some occasions both are by seminal plasma from Friesian, Charolais, and Hereford bulls 31 mm) , the difference between the two breeds was statistically significant (P = 0.001) and the difference between the true means was estimated to be between 1.7 and 2.7 mm. Thus the difference in average inhibitor concentration between these two breeds could be of the order of 10-15 % of the overall average value.
There was no correlation between concentration of inhibitor in seminal plasma and total viable count on the same semen.
Survey of equipment for collection and processing of semen
The contribution of the artificial vagina (A V) to the microbial contents of semen collected in it was assessed by rinsing 13 AVs with sterile 1,4 strength Ringers solution and plating the rinses on blood agar. The average total bacterial count at 37°c was 320 per A V, with a range of 0-3100. No yeasts or moulds were detected, and the number of bacteria present could not be related to the surface roughness of the rubber liner in the AV.
If the volume of an ejaculation is assumed to be about 4 ml, the A V contributes about 80 bacteria per ml of semen ejaculated. This represents more than 50% of the total count in about 9% of the 226 first-ejaculate samples, from all bulls for which total counts are available. It is concluded that the A V is not an important source of bacteria in undiluted semen.
After collection the semen is diluted, first in "20% egg yolk extender" and then in "5% egg yolk extender"; the final dilution is usually between 1: 300 and 1: 400. Dilution restricts the contribution the relatively large numbers of 
micro-organisms in semen make to the initial numbers in "extended semen" (Table 8 ). On the other hand the extender contains relatively small numbers of micro-organisms, but because it is the major component of "extended semen", it may contribute at least as many organisms to the product as the semen. The dyes used to identify semen of different breeds contain relatively large numbers of bacteria, but their contribution to the initial count of extended semen is negligible because thev are used at low concentration. Similarly th~ test tubes and waxed corks used for dispatching extended semen to inseminators carry few bacteria and do not contribute significantly to the initial numbers of bacteria in extended semen. During this survey yeasts were recovered from the apparatus used to saturate egg yolk extenders with nitrogen, the waxed corks used to close test tubes containing extended semen, and from air in the laboratory and dispatch areas. These organisms are important because they multiply in the extended semen at ambient temperatures while bacterial contaminants die out ( Table 2) .
Control of yeast growth in extender by means of nystatin
After the discovery that yeasts multiplied in extended semen because they were resistant to the antibiotics normally included in the extender, six more strains of veast were isolated from air samples collected -in and around the AB centre at Awahuri. All these strains were identified and found to be non-pathogenic species commonly isolated from the atmosphere. Four strains were identified as Torulopsis candida, one as an unknown species of Torulopsis, and one as Rhodotorula rubra. The filter paper disc, agar diffusion method was used to determine the sensitivity of these yeasts to nystatin; discs contained 25 or 50 units of nystatin. Inhibition zone diameters indicated that one strain of Torulopsis candida was resistant (diam. 12 mm) at both levels of nystatin and a second was moderately resistant at both levels (diam. 15 mm).
The effect of nystatin on yeasts suspended in extender was studied by adding actively growing yeast cultures to samples of extender with and without this antibiotic, incubating at 20°c, and observing the subsequent changes in the viable count per ml (Table 9 ). Twenty-four hours usually elapsed before marked changes occurred in samples containing nystatin, and then the death rate was rather slow: but nystatin retained its activity after storage for 7 days at 4°c in extender. The two strains of Torulopsis candida which appeared resistant to nystatin in agar gel diffusion tests proved to be sensitive to 50 units/m! when suspended in extender. Populations of 1.9 X 10 6 and 2.1 X 10 6 /ml were reduced by 97% and 99%, respectively, during 24 h incubation at 20°c: a control to which no nystatin was added increased by 29%.
DISCUSSION
The average of the logarithms of total viable counts for semen from 42 New Zealand bulls was 4630/ml and individual counts ranged from 20 to 534000/m!. Similar variations in the total viable count have been reported by workers in the u.S. Gunsa!us et al. 1941) , Denmark (H~ndrikse 1964), and Japan (Hashimoto 1963) , but the average count reported here is 5-80 times less than the averages reported by these workers. In part, this is probably due to the conditions under which the various groups of bulls were kept, but it may also be due to the tendency to quote arithmetic mean values, which are likely to be higher than the true median value.
Attempts to relate the total viable count to breed, age, or ejaculation sequence did not reveal any clear correlation. This may be due to the wide fluctuations in counts from individual bulls, which would tend to obscure any relationship, but for age and ejaculation sequence this lack of correlation is the same result as that reached by Almquist et ai. (1949) .
The predominant bacterial genera (Micrococcus, Bacillus, Corynebacterium) identified among 40 strains of bacteria isolated from the bulls have each been listed as common contaminants of semen by previous workers Singleton & Simmonds 1969) .
The frequency with which Pseudomonas, Proteus, and Escherichia are detected in semen appears to be variable. Gunsalus et al. (1941) found Pseudomonas and Escherichia among the predominant flora, but Prince et al. (1949) found them to be numerically unimportant. Singleton & Simmonds (1969) found Proteus strains more numerous than the micrococci. We have found the whole group of Gram negative rods relatively uncommon. The isolation of only one strain of Staphylococcus is in agreement with Singleton & Simmonds (1969) , but other reports indicate that they may be quite common in semen. It seems likely that the kinds of bacteria found in semen under a given set of circumstances depends on the microbial population available to invade the genital tract (and also, therefore, on management of bulls) as well as on the ability of bacteria to survive conditions in the preputial cavity and urethra.
Concentrations of natural inhibitors present in semen from individual bulls tend to fall within a narrow range characteristic of the individual. The range among individuals of the same breed is somewhat greater, but it is probable that Charolais and Friesians normally have a higher concentration of inhibitors in their seminal plasma than Herefords. The overall effectiveness of these inhibitors (25 of 37 strains sensitive 0.67) is considerably less than that of some commercial antibiotics tried against the same bacteria, but the antibiotic spectrum appears to be rather similar. Gram positive bacteria such as Micrococcus and some strains of Bacillus and Corynebacterium are sensitive, and Gram negative bacteria such as Pseudomonas are resistant. Aerobacter and Escherichia may be exceptional in that the four strains considered here are sensitive to natural inhibitors but (esistant to many commercial antibiotics. Tallgren et al. (1968) have also examined the effect of natural inhibitors in seminal plasma on a limited range of bacterial strains by testing human and bovine seminal plasma against two species of staphylococci, Escherichia coli, Klebsiella, Proteus mirabilis, and Pseudomonas aeruginosa isolated from urinary tract infections. The pseudomonad was resistant to inhibitors from both sources, but Klebiella was resistant to inhibitors of human origin only. The remainder of the strains were sensitive to inhibitors from either source.
The natural inhibitors in bovine seminal plasma were effective against bacterial genera commonly isolated from bovine semen. This suggests that most semen bacteria are not capable of multiplying in the presence of seminal plasma, and constitute a transient population in semen. It is probable that these bacteria are largely derived from the urethra and preputial cavity (Reddy et al. 1971; Galloway 1964) , and it is suggested that the function of natural inhibitors in seminal plasma may be to protect the male and female reproductive tracts from infection during coitus.
When semen is diluted in artificial breeding practice, commercially available antibiotics, such as penicillin, streptomycin, chloramphenicol, and sulphonamides, are usually added to the extender. Natural inhibitors in the semen will be diluted below their minimum effective concentration, but the antibiotics are active against a similar range of bacterial genera, although they may be rather less effective against some Gram negative organisms. The efficiency with which microorganisms are controlled in extended semen could be improved if additional antibiotics capable of inhibiting organisms which are minor components of the flora in freshly extended semen were included in the extender, since these organisms will tend to replace the initial population during storage. Antibiotics capable of controlling the growth of yeasts and Gram negative rods, such as Aerobacter, Escherichia, and Pseudomonas, appear to be particularly desirable, because these organisms are likely to grow when extended semen is held at temperatures between o and 25°c (Foote & Salisbury 1948; Foote & Bratton 1950) .
Strains of bacteria resistant to a wide range of antibiotics have been isolated in this study, and it is suggested that the management of bulls should avoid any practice likely to give such organisms a selective advantage over the normal flora of the urethra and preputial cavity. Treatment of any infection in bulls with antibiotics routinely incorporated in semen extenders and use of preputial washes containing these antibiotics should be avoided, because such practices may lead to development of a resistant bacterial flora in ejaculated semen and compound the problem of controlling microbial growth when semen is extended and stored at room temperature.
H has been proposed that glycerol interferes with the action of streptomycin in extender (Roberts 1956 ). We have not been able to find any evidence that the efficiency of antibiotics is affected by the presence of glycerol in bacterial medium capable of supporting active growth. We did observe that the extender was a poor medium for the cultivation of semen bacteria. This inability to grow in extender may afford many organisms some protection from the effects of antibiotics present.
Micro-organisms in extended semen are derived in part from the semen and in part from the extender. Because the semen is diluted 200-or 300-fold, it only contributes about half the initial total viable count of extended semen in spite of the large bacterial population it contains. The remaining organisms are present in the extender. It follows that the initial total viable count could be decreased somewhat if aseptic techniques were adopted for preparation of extender. Salisbury (1968) observed that the conception rate obtained with extended semen stored 24 h before use was higher than the conception rate obtained immediately after dilution. We have observed that total viable counts in stored extended semen are likely to be lowest on the day after collection. There seems to be some support for the view that the lower total viable c.ount may account for the higher conception rate of stored extended semen (Maule 1962) .
Our results indicate that at 15°c the subsequent increase in total viable count is largely due to yeasts which enter extended semen in small numbers as aerial contaminants and multiply unchecked by antibiotics routinely included in extender. Under these conditions yeast growth finally determines the useful life of the extended semen. Most of the yeasts we have identified from extender and the immediate environment are saprophytic, but one, Candida guilliermoiidi, has been associated with mycotic abortion (Hugh-Jones & Austwick 1967); heQce it is possible that extended semen may allow multiplication of a potential pathogen which could infect the stock of farmers using AB. Preliminary experiments, not reported here, established that 25 u/ml and 50 u/ml nystatin, but not 100 u/ml, could be added to extended semen without affecting the livability of bovine spermatozoa, and we have shown that these levels of nystatin will eliminate yeast populations of 10 5 -10 6 /ml in extender. In view of the small numbers of yeasts which gain access to extended semen initially, 25 u/ml nystatin should provide an adequate protection against yeast growth, and further trials should be carried out with a view to including it in extender on a routine basis.
